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Microbiology SelectSymbiotic, parasitic, and commensal relationships have precise definitions in biology, but often the nature of the relation-
ship between two organisms is not clear-cut and fluctuates over time. This Microbiology Select highlights recent studies
that demonstrate how communication between the host and its microbial inhabitants largely determines whether their
interaction is beneficial, hurtful, or harmless.Gut bacteria affect human metabolism. Image
courtesy of A. Gewirtz, art by D. Morris.Gut Bacteria Go Rogue
Although the nonpathogenic bacteria in our guts are traditionally thought of
as commensal—that is, they derive nutrients from our meals without directly
disturbing our overall health—accumulating evidence indicates that these
microscopic residents contribute significantly to the development of meta-
bolic disorders, such as diabetes and obesity. What transforms these friendly
inhabitants into harmful foes? Wang et al. (2010) now tackle this question
in their new study. They show that Toll-like receptor 5 (TLR5), which is
expressed on the surface of intestinal cells in mammals, promotes metabolic
health partially by regulating the composition of the gut microflora. TLR5 is
a critical component of the innate immune system in mammals and specifi-
cally recognizes molecular components of bacterial flagella. The authors
find that engineering mice to lack TLR5 induced symptoms that are similar
to metabolic syndrome in humans, including overeating, obesity, and insulin
resistance. Remarkably, antibiotic treatments that decimated 90% of the gut
bacteria in these mice almost completely resolved their metabolic problems.
Meanwhile, transplanting the gut microflora of the TLR5-deficient mice into
germ-free wild-type mice disrupted the metabolic health of the transplanted
animals, producing symptoms similar to those exhibited by the TLR5-defi-
cient mice. Thus, the composition of the bacterial species that initially colonizes our guts at birth may have a significant impact
on our metabolic health later in life. Further, metabolic disorders stemming from the current obesity epidemic may be due, in
part, to the breakdown in communication between the gut microflora and components of our innate immune system.
Vijay-Kumar et al. (2010). Science. Published online March 4, 2010. 10.1126/science.1179721.Colorized scanning electron micrograph
of Helicobacter pylori (red) and human
gastric epithelial cells. Image courtesy
of V. Brinkmann.Hunting Down Helicobacter Transcripts
Communication between the human immune system and the gut bacterium Helico-
bacter pylori also greatly affects the outcome of infection. Colonization of the intes-
tinal wall byH. pylori always triggers an inflammatory response by the human immune
system; however, depending on the severity of this response,H. pylori can be a benign
inhabitant associated with no symptoms, a mild pathogen associated with peptic
ulcers, or a major pathogen associated with stomach cancer. It has been difficult to
pinpoint the key factors that regulate the degree of pathogenicity byH. pylori because
very little is known about the regulation of gene expression in H. pylori. For example,
despite the presence of 1576 open reading frames in the genome of H. pylori, only
55 transcriptional start sites and no regulator RNAs are known. Now, using a new
RNA-sequencing technique that differentiates between primary and processed tran-
scripts, Sharma et al. (2010) identify almost 2000 new transcriptional start sites and
60 small noncoding RNAs in the H. pylori genome, including a large number of
primary transcripts that are upregulated when H. pylori bacteria come into contact
with gastric epithelial cells. Further, the authors find multiple antisense transcriptional
start sites at or near genes that modify the major antigens and surface structure of the
bacteria. This suggests that interactions with gastric epithelium cells are controlled by
antisense transcription in H. pylori. Such detailed information about gene regulation
inH. pyloriwill help to facilitate the development of new therapeutics againstH. pylori.And, the innovative RNA sequencing tool developed by these authors will be invaluable for characterizing gene expression in
many human pathogens during the course of an infection.
Sharma et al. (2010). Nature 464, 250–255.Rooting for Rhizobium
Although the relationship between H. pylori and the human gut blurs the distinction between commensal and pathogen, the
liaison between the bacterium Rhizobium and legume plants is clearly symbiotic. The plant supplies this bacterium with
carbohydrates, and, in return, Rhizobium provides the plant with nitrogen. Nevertheless, communication between the plantCell 141, April 2, 2010 ª2010 Elsevier Inc. 5
host and its bacterial symbionts is critical for establishing and maintaining a fruitful friendship. Now, independent studies by
Van de Velde et al. (2010) and Wang et al. (2010) identify a specific signaling pathway in the alfalfa-like legume Medicago trun-
catula that tells the invading bacteria to differentiate into nitrogen-fixing symbionts. Surprisingly, these signaling molecules
resemble components of the plant’s innate immune system, suggesting that the plant cells have remodeled an existing
defense mechanism into a system for manipulating, but not harming, their bacterial invaders.
Turning Lemons into Lemonade
When Rhizobium bacteria infect nodules on the roots of certain legume plants, the bacteria terminally differentiate into
specialized cells whose sole function is to fix nitrogen for the plant. This transformation involves remarkable morphological
and metabolic changes in the bacteria, including a reduction in cellular respiration and cell division. Now, Van de Velde
et al. (2010) identify plant polypeptides that trigger this bacterial metamorphosis in the nodules of M. truncatula plants. Using
mass spectrometry and immunofluorescence assays, the authors demonstrate that these cysteine-rich peptides (called
NCRs) are produced exclusively in nodule cells and accumulate in the membrane and cytoplasm of the symbiotic bacteria.
Further, ectopic expression of these peptides in nodule cells that do not normally host differentiatedRhizobium partially trans-
formed the symbiotic bacteria into specialized nitrogen-fixing microbes. Interestingly, these small peptides, which are closely
related to compounds in the plant’s immune system, display significant antimicrobial activity in vitro. The peptides disrupt the
cell cycle of the microbes, increase the permeability of their membranes, and slow down their metabolism. Thus, one possible
purpose of these plant peptides is to limit cellular processes in these symbionts, such as respiration and reproduction, that do
not directly produce usable nitrogen compounds. In other words, the peptides may help the plant cells convert ‘‘freeloading’’
bacteria, who take resources from the plant without contributing nitrogen, into more generous nitrogen-fixing visitors.
Intracellular E-mail
As symbionts in plant root nodule cells, Rhizobium bacteria are not in direct contact with the cytoplasm of the host cell, butThe legume plant Medicago truncatula
forms a symbiotic relationship with
beneficial bacteria that fix nitrogen.
Image courtesy of S. Long.instead reside inside organelle-like complexes called symbiosomes. Thus, to reach
the bacteria inside the symbiosome, signaling peptides produced by the plant need
to travel through the protein secretory pathways connected to the plant’s endo-
plasmic reticulum. Indeed, Wang et al. (2010) now show that differentiation of symbi-
otic bacteria inside M. truncatula nodules requires an early component of the protein
secretory pathway. Prior studies in the authors’ laboratory generated a mutant
M. truncatula plant in which symbiotic bacteria failed to differentiate fully. The authors
mapped the mutation to the dnf1 gene in the plant, which encodes a subunit of the
signal peptidase complex. This enzyme removes signal peptides from proteins that
are targeted to intracellular compartments, such as the symbiosome. In fact, this
enzyme is required for the proper functioning of the signaling peptides that trigger
bacterial differentiation. In addition, Wang et al. (2010) identified an entire protein
secretory pathway in M. truncatula that is coordinately upregulated in nodule cells
during Rhizobium infection. The authors propose that this pathway, which includes
the DNF1 peptidase complex, is a major route by which nodule cells deliver messages
to their inhabitants inside the symbiosome.
Van de Velde et al. (2010). Science 327, 1122–1126.
Wang et al. (2010). Science 327, 1126–1129.May I Take Your Coat?
If the host can manipulate the cellular machinery of an invading microorganism, surely a pathogen will reciprocate with tricks
of its own. Most pathogenic organisms enhance their survival inside the host by directly suppressing or degrading the host’s
defense system. Now, Zaltsman et al. (2010) find that the plant pathogen Agrobacterium may employ the opposite strategy:
the bacterium activates the expression of a host defense protein in order to facilitate its invasion of the plant. Agrobacterium,
which is used to genetically engineer crops, inserts a segment of DNA into the plant’s genome. The DNA is initially coated with
proteins, and, before the DNA is inserted into the genome, these proteins must be removed. This is usually accomplished by
a bacterial F-box protein, which targets the coat proteins for degradation by the host cell’s recycling bin, called the protea-
some. Now, using a combination of in vitro and in vivo techniques, Zaltsman et al. (2010) demonstrate that an F-box protein in
the model plant Arabidopsis can function in place of the bacterial protein during the decoating of the Agrobacterium DNA.
Further, the plant upregulates the expression of this F-box protein in response to infection by Agrobacterium and many other
pathogens, presumably to help the plant dispose of virulent factors produced by the invaders. Thus, it appears that Agrobac-
terium has co-opted one of the plant’s defense mechanisms as a ‘‘backup’’ system for its own pathogenic machinery.
Zaltsman et al. (2010). Cell Host Microbe 7, 197–209.
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